Unique conductance, gating, and selective permeability properties of gap junction channels formed by connexin40.
Connexin40 is selectively expressed in specialized cardiac conduction (nodal and His-Purkinje) tissues and the atrium, yet the channel properties formed by this gap junction protein have not been investigated. The conductance, gating, and selective permeability of rat connexin40 (Cx40) gap junction channels between pairs of Cx40-transfected mouse neuroblastoma (N2A) cells in culture were studied by using dual whole-cell voltage-clamp techniques. The macroscopic steady state junctional conductance gating was dependent on transjunctional voltage with a Boltzmann half-inactivation voltage of +/- 50 mV, a residual voltage-insensitive normalized junctional conductance of 35% of maximum, and a gating charge valence of 3. In the presence of 120 mmol/L potassium glutamate, the slope conductance of single rat Cx40 gap junction channels measured 158 +/- 2 pS (n = 4). Lower conductance states equal to 21% to 48% of the main open-state conductance were also occasionally observed in two of the four cell pairs. Multichannel open probabilities were found to be heterogeneous. Ion substitution and dye transfer experiments were performed to determine the relative chloride/potassium conductance and dye permeability of anionic fluorescein derivatives in rat Cx40 channels. The rat Cx40 channel had a maximum conductance of 180 +/- 18 pS (n = 3) in 120 mmol/L KCl and a detectable chloride permeability of 0.29 relative to potassium, indicating some selectivity for cations over anions. Cx40 gap junctions were permeable to 2',7'-dichlorofluorescein (diCl-F) and also to the more polar 6-carboxyfluorescein dye; however, diCl-F dye transfer was not observed to increase with increasing junctional conductance.